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25 January 1961

25X1A
MEMORANDUM TO:
FROM !
SUBJECT: Trip Reporh Los Angeles. 15-20 January
FIRMS VISITED: 25X1A
25X1A
25X1A
1.

The objeet of this visit was to inspect progress in:
8. Image Correlator
b. Audic Film Equipment

A. TImege Correlator

This contract is in good shape so far financlally, but will require more
time. Scheduled for March delivery, I estimate a further 45 days will be re-
quired. This delay haes resulted from extended delivery time of certsin op-
tical parts which [Jrequired. The equipment has been fully designed and
parts are now being assembled.

[::] seem to have achieved excellent results in matching the eight ob-
jective focal lengths. These are now all well within acceptable limits of
each other and what could be a major design difficulby is now accomplished.
The attached budget sheet indicated the financial status which 1s good.

B. Audio Film

I was able to see the chassis with electronic components in an advanced
state of assembly. Whilst this looked impressive, I was not able to see its
capabllity demonstrated. However, I telked with the project engineer and
I assume his complete confidence resulted from more than mere hope. Many
trouble spots have been sorted out in the area of electronic balance and
there is no reason to doubt the progress. Financially as the attached budget
sheet shows, andtfguﬁ;wise the contract is in good shape.

1~

2. .

25X1A

Declass Review by NIMA/DOD
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MULTIPLE 'MAGE CORRELATOR

Final Technical Report

L LT
i, INTRODUCTION 25X1A

This is the final report for fhealZl Multiple Image Correlator (MIC), an

experimental equipment developed under [

Theory™ and experiment demonstrate that grain-noise-limited photography can
be enhonced by superposing light transmitted from "identical **transparencies onto a
very fine grain film.  The MIC was designed to demonstrate that this technique could
ke implemersed with precision equipment, and thus furnish the intelligence community

with another important exploitation technigue.

The experimental resuls obtained by the equipmen: have demonstated concly=-
sively thot o dromatic improvement in the photographic information confent can be
cbtained. In addition, it is clear that with rafinements of design (i.e,, certain
desirable sophistications whizh were omitted due to a limited budget and the experi-
mental nature of the equipment) a highly usefu!l and versatile operational equipment

can be built,

This report describes the technical approack; equipment configuration, and
general oparating procedures. Results are presented and recommendations for future

work are made .

Photographic Graininess Reduction by Superimposition® {Master of Arts Thesis ;
Boston U, Graduate School) Maij. B. W. Quinn, U.5.A.F , 1959

"t identical” sefers to separare photegraphs of a scene taken under identicel
conditions '
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il. TECHNICAL APPROACH

In order fo realize the maximum resolution of the optical system, the images
should be aligned fo each other within approximately one to fwo microns before
superpositioning. Since such minute alignment tolerances may not be possible with
the sole use of visual aligning techniques, an electronic system for detecting dnd
minimizing alignment errors was developed. It was further concluded that alignment
of several photographs and a subsequent composite photograph could be accomplished
if the equipment were designed for two modes of operation: 1) a Projection Mode,
for visual alignment of the transparencies; and for photographing the final composite
result of the correlation process; and 2) a Scanning Mode, for electronic correlation

and alignment of the images.

A functional block diagram of the equipment is given in Figure 1. A photo-

graph of the[ | Multiple Image Correlator is shown in Figure 2.

25X1A
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Figure 2, The[ | Multiple Image Correlator
-~ 25X1A
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5. EQUIPMENT DESCRIPTION

el

fhe equipment consists essentiolly of eight film stoges, en optical system, o
seanning s

g system, ond o power confrol system. In the Projection Mode, the optica!
vstem projects the imapses to o viewing screen for visual alignment or for final com-
posite photography . In the Scanning Mode, 2 sconning raster from @ cathode ray tube

is nrojecied through the system to the film exhibits, where the informaiion on the film

is scanned and converied 10 electronic signals for electronic correlation

A F%ﬁar ‘Si‘aae Assu’nb fes

I

Each film exhibit is 0 one-inch circulor fransparency mounted in o holder
sl e N w

that screws into one of the film stages. The holders and stages are mofched, end a
selor-coded o prevent interchonging. Each film stoge is adjustable along twe orthogo-

noh axes, and esch {ilm transporency moy be rofoted through 360 degrees. Both courss
and fine conirols are provided for oll tronsparency adjusimenis. A microscope cbisc
tive is mounted in the base of each film sioge to serve as a collector lens during both

ction modes,

ne scanning ond the proje A housing (see Figure 3) containing o projec~
Hon lomp, ph@i‘mau%ﬁ'ipiﬁm tube, ond associated optics is mounted on each one of

iilm stoges, Figure

Al

re 4 shows one of the film stogas without the attached housing

The film stages are mounted radially

- about an octagonal mirrer assembly as shown

igure 5. Stage Number One is the Moin Stage. The film placed in this stage is

used to produce a master imoge to which afl of the other imoges are aligned

A Dptical System

The projection lamp behind eoch film stage assembly is lecated ot the focal

point of o lens so that the lamp projects o baom of collimoted (parallel) light through

The resultant projected imoge s reflected via an assembly of e

of eight A5-degres
through and poraliel fo the optical axis of @ lorge col

"
Figive 6). The pora

J"

grirors {one for egch flim stogs)

limoting  lens (see compeonent paris shown in

oF

el light rovs from
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Figure 4. Film Stage
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VIEWING SCREEN
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MIRROR POSITION
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y

Figure 5. Film Stages and Mirror Assemb!y
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zach image converge of the focol point of this lens, where on 8x10~inch ground glass
screen | piacea o da@pﬁmy the projected imoges. Vhe result is that the projested
images are superpased, and the image viewed on the viewing'screen is o composite

of all the imoges projected from the film stoges,
t

Mirrors in the sysiem accomplish the necessary optical folding. The positioning
of ona of the mirrors, o two-position plane mirrer, Is controlled by o knob on the front
5f the equipment. By changing the position of this mirror and by inserting additional

«

wirrors info the opticol system, the optical path can be diverted (o @ cathode ray tuba

ot ene end of fhe system, and to photomultiplier tubes ot the other end of the systam .

This chonge in mirrors sels up the optical system for the Scaaning Mode, which 1§ used

electvoni ic o sreelation and alignmant {described in Section V),

Afrar electronic correlation and alignment, the mivors con be returned to their

ginai positions so that the imoges are g:sm%:zc;'ed again to the viewing screen. Then

G 3

o film pock con be inssried ai the viewing screen to toke o composite photograph of

alt vhe pragacmm images.

D F&vnnq Spot Scannnr :::y&?

This system consists of o CBS Flectronics 7AVP24 cothode ray sube (CRT),
aight gjbo@om&Jltnp!ner jtubes (PMT), and cssocicted deflection yokes, focus ceoil, and
scan circuifs. The scan circuits generate a CRT raster patiern Qppmx%mm'eﬂy one and
one-~half inches square. The spot size of this CRT scan is approximetely one mil, and

the pattern is repeated once every second,

n the Scanhﬁng Mode, the scanning roster is projected through the optical
system to the film stages, where the microscope objectives reduce the raster size 25
times, end focus it on the film chips. This reduction process also reduces the spot size
to approximately one micron, for close rolerance alignment. As the spot scans the

film, the voriotions in the film density modulare the amount of light possing through

Approved For Release 2003/02/27 : CIA-RDP78B04747A003100030098-8
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the transparency . This modulated light beam Is projected {via an inserfed 45-degree
mirror) onto the face of a PMY.,  The PMT transforms the modulated light beam into

» modulated voltage (information signal). These signals are time sequence representa-
tions of the information scanned on the film chips. Electronic correlation techniques
preduce signals from this information that indicate magnitude, polarity and kind of
misalignment between the main stage and any one of the other seven stages.  These

signals are disployed on on cscilioscope os alignment error signals.

B, Conirol System

The Congrol System provides panels containing all the switches and conirols
wucessery fo the operation of the electronic periion of the equipment. (See Figure 7.)
Cire of the controls provided adiusts oot the attenuation differences in the delay lines.
Besides generators, amplifiers, and control relays, the system also contains power
soatrol ond olarm circuits. Thelr main funciion s to prevent damage io the CRT through

camnponent or circuit foilures,

et
et
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Figure 7, Control Panel
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IV,  GENERAL OPERATING PROCEDURES

Ay number of transparencies up o eight may be correlated on the equipment,
bub in al} cases one iransparency is designaied as the master to which all others must

be cligned separately . :

A Preparation

The film exhibits are prepared and inserted info the film stages. The master
chip is abivays ploced in the Moin Stage while the others moy be placed in any of the
semaining stuges. Light-iight rubber hoois are placed around the film stoges to shut out
siray bight. The operotor sets the proper switches on the control panel to prepare end

supply power to the equipment. This procedure lights the projection lomp in the Moin

£,  Yisual Alignment

For wisual alignment, the oparator must set the equipment to the Projection
idode, To do this he tums a misror position knob on the Main Stage lamp housing to
the LAMP position. This removes the 45-degree mirror from the light peth. Then he
acves the fwo-posifion plane miresr to the Projection Mode by turning the control
trob o the SCREEM position. The equipment is then in the Projection Mode, and the

ransparency in the Meln Stage is projected onto the viewing screen.

iJsing the controls on the Moin Stoge, the operator orients the master image fo
e desired locotion on the sereen. Unce this imoge is posttioned, it is never changed
during the aligament of subseguent images. Mext, the opercior turns on the lamp for
ihe nesxt film chip 1o be projecied, ond jurns the mirror knob for that stoge to the LAKNP

sosition. This image is then supesimposed upon the moster image ot the viewing screen,

Approved For Release 2003/02/27 : CIA-RDP78B04747A003100030098-8
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The operator brings the new image into alignment with the master by manipuloting

the film stage adjustment controls, One technique for aligning the images visually is

mofion between unaligned imuges. The visuel alignment would then consist of elimi-
pating this relative motion.

Each of the remaining transperencies is superimpesed in o like monner until oll
huve been aligned to the masfer image

PO Y s PR

.. Electronic Correlation

The coreelation circuits are cilewed to warm up for o half hour with full
sewer on.  During this period, the operctor plugs an oscilloscope info jocks provided
an the control panel. After thermal stability hos been achieved, the elestronic analeg
muitiplier is zeroed ond calibrated, ond o balance is obtained between channels. At

this time, checks are alse made on the other circuits fo assure normal functioning.

For electronic alignment, the operator must set the equipment to the Scanning
Mode. To do this he furns off the projection lamps, furns the mirror knobs on the
lomp housings to the PHOTO CELL position {thershy inserting the 45-degree mirrors
into the optical paths to reflect Enaeramm;_:g fight rays to the PATs), and chonges the
swomposition micror to the CRT position. Then he sets the proper switches on the
control panel to prepore the necessary circuils for the electronic alignment procedure.
The sconning raster is projecied onfo the master Errmnspas’emy and onto one of the
other fronsporencies selectad for the first electronic correlation.

The First alignment is mode with the deloy lines set to the greatest delay (100

wsecs). The 100 psecs delay serves os a coarse alignment detector, end eliminates the

sessibility of embiguous ervor signals resulting from preliminary visual alignment.

i4
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-’ The next step is 70 select o sweep speed for the CRT flying spot scanner. This

speed is selected according to the bandwidih of the picture being scanned, Both the

LS

weep speed and the number of steps (scan lines) are determined by the following

relationshipss
Moo= N N, = e, 12 = LA
8 i? Y ‘

where N and Ng are the rumber of steps and scan lines per roster or frame, T is time

o

a

15 seg

s required to generate one complere frame or roster, £/2 is the time in seconds

Q,

sequirad to generate one complete scan line or the time between steps, | is the length
of scan ot the film in cm, and v is the swesp speed of the film in cm/fsec. In this
systemn 1 and tare held consiont ot approximotely 1 second and 0,15 cm, respectively.
The sweep speed, v, ond therefore /2 ond N go Y be switched jo one of two velues

shown below.,

2 i/2 BA
- 15 em/fsec : 10™% sac 100 lines/raster
30 em/sec 5x107° sec 200 lines/raster

The sconning rosfers, now converted o PMT signals, are presented to the electronic
2 L3 3 2o s © e . 1 o ° . .
sorrelation and alignment circuits where, once each second, these circuits elactroni-

selly solve the equation

i

femn

hir+ 1) G+ 8 di - KYE ) G+ +5)d

N

R

M

e
T

whare £ and E" are the scale factors of the twe multiplication channels; 7 and 7° are the

vorjckie delays; ond K and K' are the producis of oll the gains ond ottentuotions in soch

of the two correletion cireult chonrels.
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re

The solution to the equation is displayed on the oscilloscope as a perlodic

°

waveform, indicoting both the sense and the magnitude of an olignment error. Typical
slectronic disploy errors are shown in Figure 8. The accuracy of the alignment error
signol is limited by system fraﬁemncem therefore, T , E=E, ond K= K" must be

soprosched as closely os possible. In addition, the error signal must be scaled to fall
within o practical amplitude range. This range is determined not only by the practical
limitotions of the integrator, buf olse by the optimum signal input omplitude range of
ihe electronic analog multiplier. Consequently, the preamplifier gains of the fnputs
of the corralation cirexits are gunged 1o five discrete goin settings: 8, 16, 24, 32,

und 40,

& operator observes the error signal displays, and accordingly adjusts the
sesition of the film chip being aligned to the master. When the error signai on the
sscilloscops Is ot o minimum, the operator rotales the scanning raster ¥0 degrees o

check and correct the alignment on the other axis.

The alignment process is then repecied using first the 25 psec deloy lines, ond
finalty she 10 psec delay lines-~each deloy setting permitting o closer alignment of

the projected Bmﬁges o

Afrer the first tronsparency hos been saristactorily oligned with the moster, the
PRAT is switched off ond o second transpurency [s scanned and aligned in the some
manner. This precess is repeated until ol the transparencies have been aligned with

the master.

Tha system s be returned o the Projection Mode for photagraphing the

&, The mirror knobs on the lamp housings are turned to the LAMP

position, apd the two-position mirror is placed in the SCREEM position, Then the
oparator sels the brightnoss level of eoch image to a common predetermined intensity
{datermined experimentally). He does this by measuring each image with o photos

graphic light moter ond odjusting lamp rheostais on the contrel parel. " He then sets

16
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the switches on the control panel so that all the necessary projection loaps are cor -
rected to o contvol timer. A film pack is inserted ot the viov ing screen und the fimer
is set for the pioper exposure fime {determined experimentaltly . When the exposire
Lutton §s pressed, the projection lomps light simultaneously and project o composite
image to the film plate. After exposure, the fi'm plote is removed and develoged

in. accordance with standard photographic taboretory techniqu.es.

v/, RESULTS

The Multiple Imege Correlator has achieved highly satisfactor; reults,
as evidenced in a compasison of Figuies %, 10, ond 11.7 Figure 9 skows an enlaige-
ment of o single negative ’r'w.f*nishec‘: by the Customer. Figure 10 shows a com-
posite photograph of shree aligned images, and Figure 11 shows eight aligned images.

Theve is no doubt that the information available has been greotly enhanced.

The accuracy of eleciroaic alignment teckniques has not been fully developed
due o component accusacy problems inherent in analog muliplier channels and
deiay lines, Heweven*,: aitesnate couses of action and improved components aie NOW
available. The overall satisfactory pe-formonce of the equipment indicates that o
sl amount of additional engineering and the replacement of certain components
will gfford even befter alignment copabilities. Also, intelligence gathered during
the resecich and development of this equipment will be useful in designing and
fheicating future equipments of simila- natcre, but with greater capacifies and

smnller dimensions.

e figuies were reproduces from positive transparencies produced by the equipment
weing standard blueprint fechnigues. :
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Vi, SUMMARY AND RECOMMENDATIONS

The vesults fumished with this repoit prove that the Multiple Imege Correlator
not only is @ valuoble photographic exploitation teol, but also hes great potential
value in heliping fo establish eomere design parameters and photo taking procedures .

To achieve these ends, « two-fold approach is recommended .
Ld

1. :'hou!d retain the Multiple Imoge Correlator to perform a four ond
one~half month evoluation program. This program will be based upon the following
tosks:

a. Develop techniques for cccommodating photo samples
taken under varying conditions by various comeras

{e.g., photos having the same basic geomelry and
scole, but differing perhaps in lighting).

Bo  Maximize the effectiveness of the electronic system ,

c. Estobliish opercting procedures for the equipment,

d.  Synthesize from this progrem design specifications for
more sophisticated equipment in accordance with

Customer guidonce concerning operational and tech=
nical requirements ,

5y

4.  Concurrently with the above progrom, the development of a Multiple

Image Correlator with greater input flexibilis should be initiated . -
2 g ¥
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